Abstract : 'Ihe preparation of aluminum, silicon and tin imines from nitriles, aldehydes and ketones, enolizable as well as nonenolizable ones, is reported.
INTRODUCTION
N-metalloimines constitute a relatively unexplored family of OrganometaUic compounds which has found few synthetic applications. Generally speaking, they are monomeric compounds which are stable under anhydrous conditions. Since the metal-nitrogen bond is easily hydrolysed, the N-metalloimines may be considered a protected, stabilized form of the corresponding elusive imines of ammonia, which are known to be very unstable readily trimeriziig to triazines. Although some metalloimines, e.g., the silylimines of certain aldehydes, can be isolated in a pure form by distillation under reduced pressure, for synthetic purposes it is in general more convenient to prepare them in sifu just before the use. In this case it is possible to ascertain their structure by a combined use of I.R, N.M.R and mass spectroscopic techniques. The present progress report summarizes our recent efforts directed toward the synthesis of aluminum, tin and silicon imines starting from easily available materials, and the study of the reactivity of these reagents with different nucleophiles with a special attention to the stereochemical outcome.
PREPARATION OF N-METALLO IMINES
There are four main methods for the preparation of N-metalloimines: 1. Addition of an organometallic reagent or a metallo hydride to a nitrilel
2. Reaction of the hexamethyldisilylamide of group I metals (Li, Na, K) with an aldehyde or a nonenolizable ketones. Silyl imines have been prepared, for the first time, by Rochowz starting from aromatic aldehydes and nonenolizable ketones by treatment of the carbonyl compounds with one equivalent of lithium hexamethyldisilylamide in tetrahydrofuran. The reaction proceeds by an addition-elimination sequence probably involving a four centers cyclic transition state.
This new method h been developed in our laboratories and allows the preparation, in good yield and under very mild conditions, of stannyl imines from enolizable and non enolizable aldehydes and ketones. The reaction involves an addition-elimination reaction of the type discussed for the Rochow's procedure. The organometallic reagent is, in this case, the tris(trimethylstanny1)amines easily prepared fiom trimethyl tin chloride and lithium amide. The fvst application of trimethylsilylimines in our laboratories7 is concerned with the preparation of a chiral key intermediate in the synthesis of thienamycin and related carbapenems and penems. The trimethylsilylcinnamylidenimine, prepared from cinnamyc aldehyde and I..U-WDSA was reacted with the lithium enolate of (S)-3-hydroxy ethyl butyrate, to give rise to a 70/30 mixture of two diastereomeric p-lactams. By this way the original stereocenter in the nucleophilic partner has been utilized to induce in a 1,2 lk manner with very high diastereoselectivity (96/4) the new chirality at the adjacent C3 stereocenter of the forming azetidinone. A lower diastereoselectivity is observed for the Q stereocenter. The high induction on the C3 carbon atom may be explained by assumhg a cyclic form of the enolate as result of the coordinating effect of one of the lithium cations so that a preferred attack of the electrophilic imine from the less hindered face of the diastereotopic plane takes place.
The elaboration of the mixture of the cis and trans stereoisomers includes the inversion of the configuration of the hydroxy functionality in the side chaii via Mitsunobo procedure, the oxidative cleavage of the stiryl group followed by the radical decarboxylatim of the mixture of carboxylic acids obtained by means of lead tetracetate to give the correspond-4-acetoxy derivative as a single trans isomer. This synthetic strategy allowed us to introduce the natural configuration on the C-3 and C-4 stereocenters of the azetidinone using as chiral auxiliary the nucleophylic partner of the cycloaddition reaction. However, there are some 0-lactam antibiotics bearing no asymmetric center in the C-3 side chains. For the enantiospecific synthesis of these compounds the asymmetry has been incorporated in the electrophilic component of the cydoaddition reaction starting from a chiral metallo imine. The choice of this alternative relates to our results on the possibility of building up the azetidinone ring using enolizable metallo-imine&2. As a matter of fact we have recently demonstrated that enolizable silylimines, despite the presence of an acidic hydrogen in alfa position to the iminic carbon, can be used as electrophilic partner in the enolate-imine cycloaddition reaction. Al, Lithium triethoxy aluminum hydride, Lithium diisobutyl butyl aluminum hydride). Since the aluminum imines or the corresponding ate complexes upon reaction with ester enolates gave azetidmones in pour yields, they have been converted to silylimines by transmetalktion with trimethylchlorosilanel. The resulting silylimines, when reacted in situ with ester enolates, afforded the expected &lactams (A) and (B) in yield ranging from 40 to 70 46. A higher yielding and shorter p d u r e was developed for the synthesis of (+)-PS-6. In this c88e the N-silylimine of the (S)-mandelic aldehyde was used. Cycloaddition of this substrate with the lithium enolate of ter-butylisovalerate affords the expected azetidinone in 80% chemical yield and 97/3 diastere<we lectivity. The more abundant isomer presenting the natural configuration was desilylated and treated with lead tetracetate, in boiling benzene, to give in one step, through a radical fragmentation reaction, the acetoxy derivative in a 1/1 3(R),4(R) and 3(R),4(S) diastereomeric mixture. Displacement of the acetoxy group with the silylenolether of the pnitrobenzylester of diazoacetoacetic acid in the presence of zinc chloride afforded the C-4 alkylated product as single trans isomer. This intermediate was further elaborated to the final enantiomerically pure (+)-J?S-6 following the previously reported procedure.
